Background {#Sec1}
==========

Cancer represents a large global health problem, with approximately 14.1 million new cases of cancer in 2012, worldwide \[[@CR1], [@CR2]\]. Due to aging and improvements in treatment, the number of cancer survivors is growing. As a consequence of primary cancer treatment, cancer survivors' quality of life (QoL) can be reduced by physical and psychosocial health problems, such as pain, fatigue, anxiety, depression, and work-related issues \[[@CR3], [@CR4]\]. Moreover, survivors are at risk of disease recurrence, and comorbid chronic conditions \[[@CR5]\]. In particular, survivors who smoke, are physically inactive, or overweight are at increased risk for mortality, morbidity, and disability \[[@CR6]--[@CR8]\]. A healthy dietary pattern has been associated with a lower risk of obesity, hypertension, and unfavorable cholesterol and glucose blood levels, which in turn may be related to a lower risk of cancer recurrence \[[@CR8]\]. Particularly, the consumption of vegetables has been associated with a lower risk of cancer recurrence among breast cancer survivors \[[@CR9]\]. Moreover, a growing body of evidence has shown that cancer survivors' QoL can be improved by adopting and maintaining a healthy lifestyle \[[@CR7]--[@CR14]\]. For example, physical activity (PA) has been shown to improve psychological outcomes, fatigue, body composition, walking distance, aerobic fitness, strength, and QoL domains \[[@CR15]--[@CR17]\]. In particular, aerobic exercise with moderate-intensity appeared to be a strong positive factor affecting fatigue, walking endurance, and cancer mortality \[[@CR18], [@CR19]\]. According to the World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) and the American Cancer Society \[[@CR19]--[@CR21]\], adult cancer survivors should avoid inactivity. It is recommended that cancer survivors engage in at least 150 min per week (min p/w) of moderate PA, spread throughout at least 5 days of the week, or perform 75 min p/w of vigorous PA (or an equivalent combination). A healthy diet should include at least five servings of fruit and vegetables daily \[[@CR20]\]. Despite the beneficial effects of recommended PA and healthy diet, the great majority of cancer survivors fail to meet the lifestyle recommendations \[[@CR22]--[@CR25]\].

Meeting the individual needs of a growing number of cancer survivors, including the promotion of a healthy lifestyle, is challenging. Therefore, fully automated web-based interventions may be appropriate for providing a large population with easily accessible and low-cost support that can be personalized by applying computer tailoring \[[@CR26]--[@CR29]\]. Moreover, web-based interventions fit with the increasing demand for online health-related information, may stimulate self-care, and might complement a stepped care approach within cancer aftercare \[[@CR3], [@CR27], [@CR30]--[@CR32]\]. Although a growing number of web-based self-management interventions have been developed for cancer survivors in recent years, only a few web-based studies evaluated PA and/or diet outcomes \[[@CR33]--[@CR37]\]. Post intervention increases in moderate PA and/or vegetable intake have been reported, however, behavior change was not maintained at 6-month follow-up \[[@CR36]--[@CR39]\]. Although younger, female, and higher educated survivors often participated in web-based interventions, it is unknown whether and which possible subgroups of cancer survivors might benefit most from web-based lifestyle interventions \[[@CR26]\]. This can be important knowledge to integrate web-based interventions into cancer aftercare.

The web-based intervention *Kanker Nazorg Wijzer* (Cancer Aftercare Guide, KNW) is a computer-tailored intervention that ultimately aims to increase survivors' QoL \[[@CR40]\]. The online portal comprises eight separate modules that target the topics PA, diet, smoking cessation, return-to-work, fatigue, anxiety and depression, social relationships, and residual problems. Survivors of various types of cancer had access to the fully automated web portal for 6 months. Previously reported findings revealed strong indications that having access to the KNW may account for meaningful increases in moderate PA and vegetable consumption after 6 months of web-access, while using the behavior specific modules accounted for higher increases of moderate PA and higher fruit and fish consumption \[[@CR41]\].

The aim of the present study is to examine the long-term (12-month) effects of the web-based KNW on moderate PA and vegetable consumption, in order to evaluate whether the KNW outcomes on moderate PA and vegetable intake that were found 6 months after the baseline measurement were maintained in the long term. In addition, we explored whether possible effects on the behavioral outcomes (i.e. moderate PA, vegetable intake) were influenced by whether or not participants visited the module that was directed at the behavior in question. This procedure was in line with the 6-month evaluation \[[@CR41]\]. To identify possible subgroups that might benefit most from this intervention, we explored whether a possible intervention effect was moderated by gender, age, and educational level.

Methods {#Sec2}
=======

Trial design and setting {#Sec3}
------------------------

The long-term effects of the KNW on moderate PA and vegetable consumption were assessed by conducting a two-armed randomized controlled trial including an intervention condition (IC) and a usual care waiting list control condition (UC). After centralized registration, randomization of the participants (ratio of 1:1) was automatically performed by means of a digital randomizer at the first login to the KNW \[[@CR42]\]. Self-reported baseline assessment and the follow-up measurements with validated instruments after 3, 6, and 12 months were conducted online. In the current study, data from baseline and 6 and 12-month follow-up were included into the analyses. The IC had access to the KNW throughout 6 months, while the UC received access to the KNW after completing the 12-month measurement. Blinding participants and researchers was not possible within this eHealth trial \[[@CR43]\]. Ethical approval for this trial (Dutch Trial Register [NTR3375](http://www.trialregistry.nl/NTR3375)) was obtained from the Medical Research Ethics Committee Zuyderland-Zuyd (NL41445.096.12, 12-T-115). After approval, the board of directors of each hospital endorsed the execution of the study.

Participants and procedure {#Sec4}
--------------------------

Eligible individuals were adult (≥ 18 years of age), Dutch-speaking cancer survivors, diagnosed with various types of cancer, and who had completed primary cancer treatment (surgery, chemo- or radiation therapy) with curative intent at least 4 weeks, and up to 56 weeks prior to initial participation. Individuals with signs of cancer recurrence or severe medical, psychiatric, or cognitive disorders were excluded from participation.

Details of the recruitment procedures have been published elsewhere \[[@CR41], [@CR44]\]. In short, eligible cancer survivors were recruited from November 2013 through June 2014 by medical staff from 21 Dutch outpatient clinics (internal medicine, oncology, gynecology, urology, breast cancer care) during medical consultations and by reviewing patient files. A trial information package was provided, in person or by post, including comprehensive information about the trial and about scientific research \[[@CR45]\], an informed consent form, a short log-in instruction guide, and a storage card with contact details and personal login codes to the KNW online baseline questionnaire. One reminder letter was send after 2 weeks, reminding subjects to participate in the study and to return the signed informed consent form. Data from respondents who did not return the informed consent form were excluded from analysis.

Intervention {#Sec5}
------------

The KNW is a web-based self-management program that operates without human involvement. Comprehensive descriptions of the intervention and technical details are published elsewhere \[[@CR40], [@CR41]\]. To achieve behavior change, specific determinants and behavior change methods were applied that derived from social cognitive behavior change theories and models, such as the Theory of Planned Behavior \[[@CR46]\], the Self-regulation Theory \[[@CR47]\], and the Integrated Model for Change (I-Change Model) \[[@CR48]\]. According to these theories, health behavior change is a dynamic process with a series of awareness, behavior initiation, routinizing, and maintenance phases. This process is influenced by pre-motivational determinants (e.g., knowledge, risk perception, awareness), motivational determinants (e.g., intention, attitude, self-efficacy, social influences), and post motivational determinants (e.g., ability to prepare and execute plans to achieve goals and to overcome potential barriers) \[[@CR49]--[@CR51]\]. The KNW self-management modules are PA, diet, smoking cessation, return-to-work, social relationships, fatigue, and anxiety and depression. The eighth module comprises generic information on the most common residual problems (Fig. [1](#Fig1){ref-type="fig"}). After completing the baseline assessment, the IC received feedback on their reported (lifestyle) scores by comparing them with the guidelines, including advice on what KNW modules were most relevant for them to use. This module referral advice was designed as a traffic light (red, orange, green) and was aimed at consciousness raising, an effective behavior change method to change awareness and risk perception \[[@CR52]\]. When the PA and/or dietary guidelines were either not met or only partly met, respondents were advised to visit the corresponding module \[[@CR20], [@CR21]\]. Nevertheless, the respondents were free to use any module of their interest. Due to the module referral advice and the noncommittal design, it was expected that only a part of the IC participants would visit the lifestyle-modules. The module-content was personalized by means of computer tailoring and customized to personal characteristics (gender, age, marital status, children, educational level, BMI), cancer-related issues (type of cancer, type and number of comorbidities), motivational behavioral determinants (attitude, self-efficacy and intention), and current lifestyle behavior. In addition, behavior change and self-regulation methods that are relevant in maintaining behavioral changes were applied, such as providing personalized feedback, goal setting, action- and coping planning, reattribution training, and self-monitoring. All these methods were used to improve self-efficacy and to overcome possible barriers, which is in line with social cognitive behavioral change theories \[[@CR47], [@CR48], [@CR50], [@CR52]\].Fig. 1Overview of the scope and sequence of the KNW modules. From Willems et al. (2015). ©2015 Willems et al. Reprinted with permission

Within the PA module, at first, detailed questions were asked concerning possible physical limitations, co-morbid conditions, and contraindications to vigorously intensive activity, as well as perceived barriers, social support, self-efficacy, and the pros and cons of being (more) physically active. This additional information was used to optimize the tailored feedback concerning the PA action- and coping planning. Action planning includes the when, where, and how of intended action. Coping planning refers to the mental simulation of overcoming anticipated barriers to action \[[@CR51]\]. Participants were encouraged to gradually building up PA by setting achievable goals that fit with their capacities, to keep a record of the specified exercises, and to evaluate their activities. Videos of fellow cancer survivors and of specialized health professionals were enclosed to provide appropriate role models and information concerning different ways to be more active, how to cope with (physical) difficulties, how to overcome barriers, and how to attribute and cope with possible failures. For example, interpreting previous failures in terms of unstable attributions, and encouraging participants to resume engaging in their plan. This helps in maintaining behavior changes in the long term. The intervention mainly aimed at adopting and/or increasing moderate intensive activities (e.g. brisk walking, cycling, moderate sports activities, and household activities); however, if participants were interested, more vigorous sports activities were also encouraged, given that medical contraindications were excluded. Although respondents were encouraged to follow the PA recommendations, no specific prescriptions were provided concerning frequency, intensity, duration, and mode of specific exercises. The advice focused on sustainable behavior change by stimulating activities that fit optimally to individuals' capabilities and preferences.

Within the diet module, additional questions explored cancer treatment-specific residual problems that might influence participants' dietary behavior, such as changes in taste and smell, problems with chewing and swallowing, indigestion, and undesirable weight change, pain and fatigue. Moreover, the attitude toward a healthy dietary pattern (pros and cons), perceived barriers, self-efficacy, and social support concerning a more healthy diet were measured, in order to add this information to the subsequent tailoring process. Although generic information on the comprehensive diet guidelines was provided, the diet module focused on improving and maintaining healthy eating, particularly fruit, vegetable, whole grains, and fish consumption. After receiving personalized feedback on these dietary behaviors, participants could choose one or two pre-formulated goals concerning these four dietary behaviors, for example, "I want to eat sufficient vegetables (on average 200g a day)". The personalized advice included relevant dietary information and support concerning coping with specific physical problems, possible difficult situations, and failure. Videos of fellow cancer survivors and specialized health professionals complemented the written advice, which was in line with the design of the PA module.

Four weeks after completing a module, participants were invited for a brief online, personalized evaluation session. After assessing whether participants (partly) succeeded or failed at changing the desired behavior, personalized feedback included advice on how to cope with success and failure aimed at increasing the level of coping self-efficacy in order to increase behavioral maintenance \[[@CR53]\]. Additionally, participants were encouraged to review or adapt their action- and coping plans, in order to resume or maintain their behavior change to achieve their goals.

Besides the tailored information within the modules, valuable generic information about psychosocial and lifestyle issues was available in the form of news-items and in the user forum. Moreover, links to existing relevant websites were provided. In order to invite participants to complete questionnaires or to visit modules, several email-reminders were sent automatically with a direct link to the KNW. After the trial commencement, the intervention was applied without major adjustments, bugs, or downtimes and hyperlinks to other websites were updated when needed.

Measurements {#Sec6}
------------

### Moderate physical activity {#Sec7}

Moderate PA was assessed using the validated self-report Short Questionnaire to Assess Health Enhancing Physical Activity (SQUASH) at baseline, after 6 months, and after 12 months \[[@CR54], [@CR55]\]. The 11-item SQUASH evaluates activities during commuting, leisure time, sports, household, and work. The intensity of activities was categorized into light, moderate, and vigorous. Weekly minutes of moderate PA were calculated by multiplying the number of days per week of PA with the number of minutes per day of reported moderate intensive activities. Moreover, reliability and validity of the SQUASH was confirmed in previous research among patient populations \[[@CR56], [@CR57]\].

### Vegetable consumption {#Sec8}

In the present study, vegetable consumption was measured by assessing the number of days per week (range 0-7) of vegetable consumption and the number of vegetable servings per day (one tablespoon = 50 g). These items derived from the Dutch Standard Questionnaire on Food Consumption \[[@CR58]\] and were used at baseline, after 6 months, and after 12 months. Previous research supports the reliability and validity of a similar food frequency questionnaire assessing vegetable and fruit consumption \[[@CR59]\]. The dependent variable, vegetable consumption in grams per day (g p/d) during 1 week (considered as an average week), was calculated by multiplying the number of days by the amount of vegetables a day (number of tablespoons × 50 grams), divided by 7 days a week.

### Other relevant measures {#Sec9}

Information about demographic and cancer-related characteristics was collected at baseline. Standard questions were used to measure age, gender, marital status, and education level. Employment status was dichotomized (yes/no). Type of cancer was categorized into breast, colorectal, and other types of cancer (i.e., bladder, esophageal, gynecologic, hematologic, kidney, liver, lung, prostate, stomach, testicular, and thyroid cancer). Type of treatment was categorized into surgery and chemotherapy and radiotherapy, surgery and chemotherapy, surgery and radiotherapy, and other types of treatment. Furthermore, aftercare (yes/no) and comorbidities (yes/no) were measured, and height and weight were assessed to determine body mass index (BMI). The time since completion of primary treatment, measured in weeks, was based on registry data from the hospitals. Whether participants followed the PA and diet modules was derived from program logging data. Module use was dichotomized (yes/no) and categorized into *yes* when at least the first three compulsory pages with important key information of the module were visited.

Sample size {#Sec10}
-----------

Since the present study is part of a larger study project, sample size calculation was based on improvements in the main outcomes and revealed that each intervention condition needed to contain 144 participants (effect size = .30; one sided α = 0.05; β = 0.2; power = .80); intra-class correlation coefficient (ICC) = 0.005). With an expected dropout of some 20--23%, the required sample size was *N* = 376 (188 per condition) at baseline.

Statistical analysis {#Sec11}
--------------------

Baseline differences between IC and UC concerning lifestyle behaviors, and demographic and cancer-related characteristics were examined using independent t-tests and chi-square tests. Selective dropout after 12 months was assessed by applying logistic regression analysis with dropout as outcome variable (no = 0; yes = 1) and group assignment and baseline characteristics as predictive factors.

In order to evaluate the main intervention effects on moderate PA and vegetable consumption, multilevel linear regression analysis (MLA) was conducted. A three-level longitudinal data structure was used, in order to account for interdependencies. Outcomes at two time points (6 and 12-month follow-up) were clustered within the participants and participants were clustered within hospitals. Time, individuals, and hospital were added to the MLA model with a random intercept, and intervention condition and baseline value of the dependent variable were added as random slopes. The models were adjusted by adding the baseline value of the outcome behavior, standard demographic and cancer-related characteristics, significant variables from dropout analysis, and significant baseline differences. In full, the added variables were gender, age, marital status, education level, income level, employment status, BMI, type of cancer, having had cancer before, type of treatment, time since completion of primary cancer treatment, aftercare, comorbidities, vegetable intake, fruit intake, whole grain bread intake and fish intake at baseline (added as fixed intercepts). These adjustments were in line with the MLA modelling of the prior study, conducted to determine the 6-month effects of the KNW \[[@CR41]\]. Dummy coding was used for categorical variables including more than two categories. The models were fitted by using the maximum likelihood procedure and an independent covariance structure was chosen \[[@CR60]\]. Besides complete case analysis, intention-to-treat analysis (ITT) was also conducted \[[@CR61]\]. Missing data of the 6-month and 12-month measurement were imputed 20 times, and multiple imputation analyses were conducted including all variables of the fully adjusted MLA models, as described above \[[@CR62]\]. Due to the use of two outcome variables, the false discovery rate correcting procedure (FDR) was applied to account for multiple testing problems \[[@CR63]\].

In order to evaluate whether module use, gender, age, and education possibly moderate the intervention effect, the fully adjusted 3-level MLA model was adapted as follows: To evaluate module use as a moderator, intervention condition was categorized into three categories (IC- module used, IC-module not used, control condition). To explore moderating effects of gender, age, and education, interaction terms between intervention condition and gender, intervention condition and age, and intervention condition and educational level were also added to the model. The continuous variable age was centered and dummy coding was used for educational level (three categories), with educational level *low* as reference category. The moderator analyses were conducted by using the complete cases.

Cohen's *d* effect sizes were calculated for the main results and the results of the moderator analysis \[[@CR64]\]. Additionally, Cohen's *f* ^2^ was calculated in order to evaluate the local effect size within the context of the fully adjusted MLA model \[[@CR64], [@CR65]\]. Due to differences in the datasets of the 6-month and the 12-months follow-up (due to loss-to follow-up) and the 3-level data structure, the outcomes of the current paper varied slightly from the corresponding outcomes after 6 months \[[@CR41]\]. All analyses were conducted using STATA version 13.1 and the calculations of the FDR corrections were conducted in R 3.2.3., base package \[[@CR66]\].

Results {#Sec12}
=======

Study population {#Sec13}
----------------

The flow diagram in Fig. [2](#Fig2){ref-type="fig"} displays the study participation of the respondents during the study period. In total, 381 (82.5%) participants filled in the 12-month follow-up questionnaire and 81 (17.5%) were lost to follow-up since baseline. Dropout after 12 months was predicted by allocation to the IC (*B* = 1.805, *p* = .000), gender (male) (*B* = -1.041, *p* = .046), high income (*B* = -.866, *p* = .047), modal income (*B* = -.992, *p* = .018), 'other' cancer treatment (*B* = .959, *p* = .020), vigorous PA at baseline (*B* = -.001, *p* = .022), vegetable intake at baseline (*B* = -.005, *p* = .031), and fruit intake at baseline (*B* = .339, *p* = .014). MLA was corrected for all significant predictors of dropout. For the analyses of moderate PA, 11 respondents were excluded due to outliers (\>6720 min p/w PA) at either baseline, 6-month or 12-month follow-up, which is in accordance with the SQUASH scorings manual, resulting in a baseline dataset of *N* = 451 for analyses \[[@CR67]\]. Table [1](#Tab1){ref-type="table"} shows the demographic, cancer-related, and lifestyle-related characteristics of the participants at baseline. Mean age was 55.9 years, the majority of respondents were women (79.9%), the most represented type of cancer was breast cancer (70.6%), and more than half (53.7%) of the participants were overweight or (morbidly) obese.Fig. 2Flow diagram of participation during the study period Table 1Baseline characteristics of the KNW study sample (*N* = 462)Intervention group (*N* = 231)Control group (*N* = 231)*P* ^1^Demographic characteristics Female, *n* (%)183 (79.2)186 (80.5).728 Age, M (SD)55.6 (11.5)56.2 (11.3).596 Marital status, with partner^2^, *n* (%)193 (83.5)184 (79.7).280 Education level^3^ *n* (%)  Low76 (32.9)97 (42.0).113  Medium76 (32.9)70 (30.3)  High79 (34.2)64 (27.7) Employed, yes, *n* (%)122 (52.8)111 (48.1).306 Income below average, *n* (%)28 (12.1)42 (18.2).192 Income average, *n* (%)84 (36.4)78 (33.8) Income above average, *n* (%)119 (51.5)111 (48.3)Cancer-related characteristics Breast cancer, *n* (%)162 (70.1)164 (71.0).838 Other types of cancer, *n* (%)69 (29.9)67 (29.0) Treatment, *n* (%)  Surgery, chemotherapy, radiation86 (37.2)108 (46.8).046\*  Surgery, chemotherapy61 (26.4)48 (20.8)  Surgery, radiation46 (19.9)30 (13.0)  Other38 (16.5)45 (19.5) Aftercare, yes, *n* (%)145 (62.8)141 (61).702 Number of aftercare activities, M (SD)1.1 (1.1)1 (1.0).402 Comorbidity, yes, *n* (%)62 (26.8)63 (27.3).917 Number of comorbidities, M (SD)0.3 (0.6)0.4 (0.7).600 Time since completion primary treatment (weeks), M (SD)25.1 (13.5)23.4 (12.9).187 BMI, M (SD)26.0 (5.0)26.5 (4.9).295 BMI, *n* (%).593   \< 18.5, underweight2 (0.9)3 (1.3)  18.5--24.9, normal weight105 (45.5)93 (40.3)  25.0--29.9, overweight90 (39.0)96 (41.6)  30.0--34.9, obese24 (10.4)32 (13.9)   ≥ 40, morbidly obese10 (4.3)7 (3.0)Lifestyle-related characteristics Physical activity, M (SD)^4^  Weekly days \> 30 min PA;4.9 (1.9)4.6 (2.0).089  Light PA min p/w1521.5 (897.9)1430.2 (897.7).281  Moderate PA min p/w595.9 (620.5)526.5 (546.5).200  Vigorous PA min p/w231.0 (323.9)238.0 (426.0).844 Dietary behavior, M (SD)  Vegetable intake, g p/d138.5 (67.9)124.2 (57.5).015\*  Fruit intake, servings p/d1.8 (1.2)1.6 (1.0).071  Whole grain bread, slices p/d3.1 (1.8)2.8 (1.5).046\*  Fish intake, servings per week1.9 (1.9)1.4 (1.3).001\*\**Note*.: Abbreviations: *BMI* body mass index, *M* mean, *SD* standard deviation, *KNW* Kanker Nazorg Wijzer^1^ *p*-value for dichotomous variables from chi-square test; for continuous variables independent *t*-test; significant result (*p* \<0.05)^2^married, cohabiting partners^3^Low: lower vocational education, medium general secondary education; Medium: secondary vocational education, higher general secondary education; High: higher vocational education, university education^4^Intervention group *N* = 225; Control group *N* = 226\**p* \< .05\< \*\**p* \< .01

Main effects of the KNW on moderate physical activity after 12 months {#Sec14}
---------------------------------------------------------------------

The reported values in Table [2](#Tab2){ref-type="table"} are raw scores that describe the course of moderate PA at baseline, after 6 months, and after 12 months. The within group changes are displayed from baseline to 6 months (IC: M 150.7 min p/w; UC: M 72.4 min p/w) and from baseline to 12 months (IC: M 92.2 min p/w; UC: M -14.3 min p/w). After 6 months, the difference between IC and UC was 78.3 min p/w, and after 12 months, the between group difference was 106.5 min p/w. Table 3 shows the results of the MLA. The between group differences in moderate PA after 12 months were statistically significant (complete cases: *B* = 128.475, *p* = .010; ITT: *B* = 129.473, *p* = .011) with an effect size of *d* = .35; *f* ^2^ = .013. Results remained significant after correction for multiple testing.Table 2Observed means and standard deviations of moderate PA and vegetable intake per time point and groupBaseline6 months12 monthsNNChange from baselineNChange from baselineModerate PAmin p/w M (SD)min p/w M (SD)min p/w Mmin p/w M (SD)min p/w M Intervention225595.9 (620.5)178746.6 (676.3)150.7162688.1 (570.6)92.2 Control226526.5 (546.5)215598.9 (510.7)72.4206512.2 (452.1)−14.3Between group differences78.3106.5Vegetable intakeg p/d M (SD)g p/d M (SD)g p/d Mg p/d M (SD)g p/d M Intervention231138.5 (67.9)184146.6 (56.0)8.116695.3 (44.7)−43.2 Control231124.2 (57.5)219124.9 (60.8)0.721081.4 (44.1)−42.8Between group differences7.40.4*Notes*: All reported values are raw. All physical activities are moderately intensive. *PA* physical activity, *min p*/*w* minutes per week, *g*/*p*/*d* grams per day, *M* mean, *SD* standard deviation

Main effects of the KNW on vegetable consumption after 12 months {#Sec15}
----------------------------------------------------------------

The raw scores of the course of vegetable consumption at baseline, after 6 and 12 months are described in Table [2](#Tab2){ref-type="table"}, as well as the within group changes after 6 months (IC: M 8.1 g p/d; UC: 0.7 g p/d), and after 12 months (IC: M -43.2 g p/d; UC: - 42.8 g p/d). The between group changes were larger after 6 months (7.4 g p/d) compared to after 12 months (0.4 g p/d). Results from MLA revealed no significant intervention effect for vegetable consumption after 12 months (*B* = 5.860, *p* = .121; ITT: *B* = 5.560, *p* = .132). This means, that the intervention effect on vegetable consumption after 6 months (*B* = 11.799, *p* = .001; ITT: *B* = 11.606, *p* = .002) was not maintained (Table [3](#Tab3){ref-type="table"}).Table 3Main intervention effects on moderate PA and vegetable consumption after 12 months. Results of multilevel analysesComplete cases analysis^a^Intention-to-treat analysis^b^BSE \[95% CI\]*pp.fdrd* \[95% CI\]*f* ^*2*^BSE \[95% CI\]*pp.fdr*Moderate PA (min p/w) After 6 months93.70748.058 \[-.48; 187.90\].051.051-.25 \[-.45; -.05.00892.88649.233 \[-3.82; 189.59\].060.060 After 12 months128.47549.627 \[31.21; 225.74\].010\*.020\*-.35 \[-.55;-.14\].013129.47350.393 \[30.39; 228.55\].011\*.022\*Vegetable intake (g p/d) After 6 months11.7993.667 \[4.61; 18.99\].001\*\*.002\*\*-.37 \[-57; -.17\]-.01311.6063.781 \[4.18; 19.03\].002\*\*.004\*\* After 12 months5.8603.782 \[-1.55; 13.27\].121.121-.28 \[-.49; -.08\]-.0015.5603.687 \[-.67; 12.79\].132.132Note: Multilevel analysis with three-level data structure (time, individuals, hospitals); B = Regression coefficient, *d* = Cohen's *d, f* ^*2*^ = Cohen's *f* ^*2*^ *. PA* physical activity; *p/w* per week, *p/d* per day. Models adjusted for gender, age, marital status, education level, income level, employment, baseline BMI, cancer type, having had cancer before, treatment type, time since last treatment, participation in aftercare, comorbidities, baseline vegetable, fruit, bread, and fish consumption^a^ For physical activity outcomes *N* = 398; for diet outcomes *N* = 403^b^ Imputed data: for physical activity outcomes *N* = 451; for diet outcomes *N* = 462\**p* \< .05; \*\**p* \< .01

Moderating effects of module use, gender, age and education {#Sec16}
-----------------------------------------------------------

Significant effect modification was found for age (β = -9.611, SE = 3.721 \[95% CI = -16.90;−2.32\], *p* = .010), indicating that the KNW effect on moderate PA was significantly more likely to be higher when participants were younger. Secondary analyses with a median split (median = 57 years) confirmed this by showing that the intervention was effective among participants aged younger than 57 years after 6 months (*B* = 141.819, SE = 69.126 \[95% CI = 6.34; 277.30\], *p* = .040, *d* = .38, *f* ^*22*^ = .008) and after 12 months (*B* = 256.549, SE = 70.941 \[95% CI = 117.51; 395.59\], *p* = .000, *d* = .59, *f* ^*22*^ = .076), while it was not effective among participants aged 57 years and older (*B* ~6\ month~ = 38.343, SE = 65.579 \[95% CI = -90.19; 166.88\], *p* = .559; *B* ~12\ month~ = -16.047, SE = 68.337 \[95% CI = -149.98; .50\], *p* = .814). Among the younger participants, the increase in moderate PA at 6 months from baseline was 197.2 min p/w in the IC vs 36.1 min p/w in the UC, and after 12 months, the increase of moderate PA from baseline was 226.5 min p/w in the IC vs -49.6 in the UC (i.e. a decrease in PA). Among the older participants (≥57 years of age), the increase in moderate PA at 6 months from baseline was 102.4 min p/w in the IC vs 102.5 min p/w in the UC, and after 12 months, there was a decrease of moderate PA from baseline of -71.8 min p/w in the IC vs an increase of 33.8 min p/w in the UC. Additional tests ruled out age as a confounder.

The PA module was used by *n* = 46 (28.1%) of the IC participants who completed the 12-month follow-up questionnaire. Using the PA module did not moderate the intervention effect on the PA outcome after 6 months (β = 47.692, *SE* = 38.714 \[95% CI = -28.19; 123.57\], *p* = .218) and after 12 months (β = -27.736, *SE* = 39.302 \[95% CI = -104.77; 49.29\], *p* = .480). Furthermore, no significant moderation effects were found for gender (β = 109.065, SE = 104.309 \[95% CI = -113.51; 95.38\], *p* = .296) and education (β ~medium~ = -8.275, SE = 94.673 \[95% CI = -193.83; 177.28\], *p* = .930; β ~high~ = -87.163, SE = 93.508 \[95% CI = -270.44; 69.11\], *p* = .351).

Discussion {#Sec17}
==========

The present study evaluated the 12-month effects of the web-based KNW on moderate PA and vegetable consumption. Complete cases, as well as ITT analyses, revealed that the fully automated KWN was effective in increasing and maintaining moderate PA in the long term among early cancer survivors. However, the 6-month intervention benefits on vegetable consumption did not persist in the long term.

It is very positive and promising that the effect sizes of the KNW effect on moderate PA increased over time. In contrast, Kohl et al. \[[@CR26]\] reported in their review of reviews of Internet-delivered behavior change interventions among the general population, that 4 of 6 reviews on PA-only interventions showed that PA-only interventions were effective to increase PA. The reported effect sizes were modest and decreased during follow-up. The KNW effect on moderate PA was moderated by age. Respondents of the IC, aged younger than 57 years significantly increased moderate PA, while older participants (≥57 years) did not significantly increase moderate PA over time. The magnitude of this stratum-specific difference is of clinical importance. Higher effect sizes were found in a subgroup of participants younger than 57 years of age compared to the overall effect on moderate PA. Overall, the long-term effect of the KNW on moderate PA was clinically relevant; with an average increase of 92.2 min p/w moderate PA in the entire IC and 226.5 min p/w among younger participants. Based on this considerable PA increase and maintenance, positive long-term health benefits may be expected, such as improvements in QoL and a reduced risk of all-cause mortality \[[@CR7], [@CR12], [@CR17], [@CR68]\].

Among participants of 57 years of age and older, the intervention was not effective. This is in line with findings from Niu et al. \[[@CR69]\], reporting that cancer survivors aged 65 years and older were less likely to meet the PA recommendations, and less likely to improve and maintain their level of PA compared with younger survivors. Age-related co-morbid conditions and physical symptoms, such as bone- or muscle loss, might impede an increase in moderate PA in older cancer survivors \[[@CR70], [@CR71]\]. Moreover, the web-based delivery mode and/or the content of the KNW might be more in line with relatively younger cancer survivors, who possibly better process and convert the information, with the result of higher levels of moderate PA. Possibly, cognitive skills might play a role in processing the comprehensive information supplied on the KNW portal. Recently, associations were found between age and cognitive recovery among breast cancer survivors, indicating that attention deteriorated among older survivors (≥ 60 years) \[[@CR72]\]. This might indicate that the fully automated tailored support was well applicable for the younger subgroup. However, the older subgroup (in our analysis aged 57 years and older), might need different and/or additional support for successfully increasing moderate PA on long term.

As previously reported, there were indications that using the PA module might positively affected moderate PA outcomes after 6 months \[[@CR41]\]. However, in the present study, no significant moderation effects for use of the PA module were found at both time points. The lack of a moderation effect of module use might be explained by the small number of PA module users, which might have affected the power of analyses. Users of the PA module were encouraged to apply behavior change methods, aiming to adopt and maintain the desired amount of PA in the long term, which may have contributed to the long-term effects \[[@CR47], [@CR48], [@CR50]\]. Participants of the IC who did not use the module PA might have been triggered and encouraged to be more physically active by receiving feedback on their PA scores after completing the baseline questionnaire. Furthermore, the advantages of adopting sufficient PA in daily life were also strongly emphasized in other KNW self-management trainings modules (e.g. fatigue and mood), in the news items, and in the discussion forum.

While the KNW was beneficial in influencing vegetable consumption after 6 months, this positive effect was not maintained after 12 months. The lack of sustained long-term effect in vegetable consumption in the present study is in line with results of previously evaluated web-based interventions, which aimed to improve a healthy diet among the general population \[[@CR26]\]. Furthermore, in populations with various chronic diseases, the majority of dietary interventions reported no statistically significant effects on dietary behavior after 12 months, even when significant short-term effects were found \[[@CR73]\]. Bluethmann et al. \[[@CR70]\] acknowledged that the cancer diagnosis might possibly provide a teachable moment for adopting a healthy diet, however they demonstrated that vegetable consumption continued to deteriorate as more time passes since the diagnosis. The KNW respondents started using the KNW in a period that can be considered as a teachable moment (around 6 months after completing primary cancer treatment). During the duration of the present study, the effect of the teachable moment may have become weaker, considering the improvements in fatigue and depressive symptoms among the IC within 6 months \[[@CR44]\]. This might possibly explain the overall decrease in vegetable consumption throughout the 12-month follow-up period. In sum, the vegetable consumption of the KNW users did not sustainably improve, while a healthy dietary pattern in combination with sufficient physical activity can have a positive impact on bodyweight, comorbidities, and QoL \[[@CR6], [@CR8], [@CR11]\]. To achieve sustained increases in vegetable consumption among cancer survivors, more intensive and prolonged support might be required \[[@CR74]--[@CR76]\].

The changes in moderate PA and vegetable consumption within the first 6 months of the study might be initiated by applying behavior change methods that target specific determinants that derive from social cognitive theories and behavior change models \[[@CR46]--[@CR48]\]. In their systematic review of behavior theories, Kwasnicka et al. \[[@CR53]\] described explanations how individuals maintain behavior changes over time, in different contexts, and including the risk of a potential lapse to the prior behavior. According the authors, relevant theoretical concepts for behavior change maintenance are maintenance motives, self-regulation, psychological and physical resources, habits, and environmental and social influences. While active self-regulation is needed to initiate behavior change, conscious self-regulation may decrease and the behavior might become more habitual and effortless with repeated performance. In the present study, different cultural and environmental influences might have influenced behavior maintenance concerning moderate PA and vegetable consumption. In the Netherlands, the level of engagement in physical activity is generally high \[[@CR77]\], while the consumption of vegetables in the general Dutch population is low an might be difficult to change \[[@CR78], [@CR79]\].

This fully automated KNW might be appropriate to serve as a first step in a stepped care approach within cancer aftercare. Personalized wide-ranging support can be widely disseminated at relatively low costs \[[@CR30], [@CR80]\]. Based on the present results on moderate PA and previously published positive outcomes of the KNW on fatigue, depression, and Qol domains, the KNW seems very promising and suitable to meet a range of aftercare needs of a large group of early cancer survivors \[[@CR44]\]. Those cancer survivors who need more intensive treatment or additional support can be identified and referred to a subsequent program including more intensive guidance. Particularly, support is recommended to increase a healthy dietary pattern and to prevent a relapse of positive dietary changes. Moreover, based on our results, it should be taken into consideration that older cancer survivors might have different or additional support needs to increase moderate PA.

Even though current results derived from a strong study design, some limitations should be acknowledged. With regard to generalizability, it should be noted that the participants of the KNW did not represent the overall cancer survivor population. A large proportion of participants were middle-aged, female survivors of breast cancer with relative low levels of physical and psychological complaints and comorbidities, and already relatively active at start. The high number of breast cancer survivors might be due to the relative high prevalence of breast cancer, the good overall prognosis and, the well-organized breast cancer care in the Netherlands, which was helpful during the recruitment of study participants. Moreover, the intervention was directed to survivors who were able to get support from a web-based program. Prior findings confirm that web-based interventions generally reach more women than men \[[@CR26]\]. Consequently, the results of our web-based intervention might not be generalizable to the overall cancer survivor population. Furthermore, the present outcomes might be affected by selective dropout. However, dropout was very low, especially for eHealth interventions \[[@CR26]\]. Moreover, analyses were corrected for the corresponding variables and ITT analyses revealed comparable results to complete case analyses. Another limitation might be that the outcome variables were self-reported, allowing over- and underestimation to occur due to social desirability or recall bias \[[@CR81]\]. Misreporting of dietary intake might also be due to misrepresentation of portion sizes and daily dietary variability \[[@CR73]\]. As previous research suggests \[[@CR82]\], overestimation could have occurred in moderate PA, although we used a validated measurement instrument and we accounted for over-reporting \[[@CR54]\].

Conclusions {#Sec18}
===========

Access to the web-based, fully automated KNW resulted in significant positive sustained changes of moderate PA in the long term among cancer survivors younger than 57 years of age. The increase of moderate PA was clinically relevant. Relatively older cancer survivors might, however, be in need of different or additional support in order to increase PA. Current findings that short-term increases in vegetable consumption did not sustain in the long term can be used to further improvements of the KNW. The detected low levels of vegetable intake indicate that the consumption of vegetables should be encouraged among cancer survivors, especially as more time of cancer survivorship passes. These findings add valuable information to the field, since results on long-term effects of web-based interventions on lifestyle outcomes among cancer survivors are limited. Based on these outcomes, cancer survivors can be encouraged to engage in web-based self-management interventions to increase physical activity. The KNW can complement current cancer aftercare by serving as one of the first steps in a stepped care approach.
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